1. Case presentation {#s0005}
====================

An 83-year-old woman was referred to our center due to a fever, bloodstream bacterial infection, and fistula related to an implanted device. The patient underwent a double-chamber pacemaker implantation 8 years prior for sick sinus syndrome, with additional right ventricular lead implantation for a lead malfunction 5 years prior ([Fig. 1](#f0005){ref-type="fig"}A). Transvenous lead extraction (TLE) was indicated due to a serious device infection. An atrial lead was easily extracted from the entry site. However, both ventricular leads were fractured due to adhesion to the subclavian angle and superior vena cava. Except for the distal tip, the two RV leads could be extracted with a Needle\'s Eye Snare (Cook Medical, Bloomington, IN, USA) from the inferior vena cava (IVC) ([Fig. 1](#f0005){ref-type="fig"}B). Although the patient was asymptomatic, transthoracic echocardiography (TTE) 7 days after the TLE detected ghosts, which were located in both the RV and RA ([Fig. 1](#f0005){ref-type="fig"}C). To visualize and assess the ghosts, computed tomography (CT) (SOMATOM Force; Siemens Healthcare, Forchheim, Germany) was performed. The data underwent three-dimensional CT (3DCT) reconstruction, which clearly demonstrated the full picture of the ghost. Three structures were identified: one extended from the RV and RA toward the IVC, and the others extended from the RA toward the superior vena cava (SVC) ([Fig. 2](#f0010){ref-type="fig"}A). The ghost extending from the RV and RA toward the IVC could be grasped with an EN Snare device (Merit Medical, Utah, USA) from the IVC and was completely removed. However, a tubular object with high CT value persisted on 3DCT ([Fig. 2](#f0010){ref-type="fig"}B). The ghost was actually the residual silicone insulation of the RV lead, which had a length of approximately 21 cm and completely corresponded to the estimated length on the 3DCT ([Fig. 2](#f0010){ref-type="fig"}C). Therefore, this residual tubular object was considered to be a "cast" including fibrous and calcified tissue ([Fig. 2](#f0010){ref-type="fig"}B, white arrow). The other ghosts extending from the RA toward the SVC could not be grasped.Fig. 1A: Chest X-ray before transvenous lead extraction showing 1 atrial and 2 right ventricular leads. B: Chest X-ray after transvenous lead extraction showing only the distal tip of the right ventricular lead (white arrow). C: Transthoracic echocardiography showing residual material in both the RA and RV. The extremely high value echoic mass (white arrowhead) was tightly attached to the RV septum, and the relatively high value echoic mass (white arrow) was probably floating in the RV and RA. RA = right atrium, RV = right ventricle, IVC = inferior vena cava.Fig. 1Fig. 2A: 3DCT after first transvenous lead extraction. B: 3DCT after second transvenous lead extraction. The white arrow indicates a cast of the right ventricular lead. C: The removed silicone insulation and cast. The black arrows and arrowheads indicate the cast and silicone insulation, respectively. The length was 21 cm, indicating that the silicone insulation was completely removed. D: 3DCT showing the removed silicone insulation and cast in water. The distal portion of the removed silicone insulation was cut off for bacterial examination. The CT value of the silicone insulation and cast were 130 and 370 HU, respectively. This indicated that the silicone insulation could be differentiated from the cast by the CT value. The white arrows and arrowheads indicate segments with extremely high and relatively high CT values, which completely correspond to the cast and silicone sheath, respectively. 3DCT = three-dimensional computed tomography, RAO = right anterior oblique, LAO = left anterior oblique, IVC = inferior vena cava, HU = Hounsfield unit.Fig. 2

To assess whether 3DCT could visualize and differentiate silicone insulation from the cast, the image of the removed silicone sheath was acquired by CT with the cast in water ([Fig. 2](#f0010){ref-type="fig"}D). Segments with a relatively high CT value and an extremely high value corresponded to silicone insulation and cast, respectively ([Fig. 2](#f0010){ref-type="fig"}C and D). The CT value of the silicone insulation and cast in the water measured 130 and 370 HU, respectively. The tubular segment was diagnosed as a cast of the RV lead, and the severe RV trabecular adhesion consisted of fibrous tissue with severe calcifications. The patient was discharged after antibiotic treatment for 6 weeks. However, 2 weeks after discharge, she was again referred to our center due to severe general fatigue and a fever. Vegetations, as well as persistence of the previously detected ghosts in the SVC and RA were observed with transesophageal echocardiography (TEE). Therefore, surgery was planned. The 2 residual ghosts were found to consist of silicone insulation and small vegetations.

Intracardiac masses detected by echocardiography, i.e., ghosts, are observed in 8% of patients after a TLE in retrospective studies and in 14% in prospective studies [@bib1], [@bib2]. A postmortem study demonstrated that pacemaker leads and implantable cardioverter defibrillator leads may be encapsulated by a fibrous sheath that grows over time [@bib3]. Ghosts are usually considered to represent fibrous sheaths or possibly vegetations [@bib4]. TEE and intracardiac echocardiography (ICE) during TLE can detect the presence of ghosts, but cannot reveal the full picture, which might underestimate their clinical severity in a subgroup of patients with ghosts after TLE. 3DCT could clearly demonstrate the full picture of the unusual ghosts in both the RA and RV. It is noteworthy that 3DCT could diagnose the nature of the ghosts based on a CT value: a relatively high CT value and an extremely high value were considered to represent silicone and cast around the lead, respectively.

Recently, the association between the presence of a ghost and mortality has become evident [@bib1], [@bib5]. A possible reason for the high mortality in patients with a ghost was considered due to uncontrolled severe systemic infection, endocarditis, or pulmonary embolism after TLE. Therefore, all the details of any ghost should be assessed by 3DCT and an appropriate decision for further intervention should be made. It is important to determine whether a lead can be completely removed and to perform TEE to detect both usual and unusual ghosts at the end of a procedure.

As a clinical implication, 3DCT is useful for revealing all the details of both unusual and usual ghosts. Residual silicone insulation, fibrous sheaths, and severe calcifications can be visualized and differentiated by 3DCT. This information, combined with the patient\'s status, can aid in appropriate decision-making for further surgical intervention.
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